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This report presents date, together with some discussion, on 
‘the effects of length=beam ratio, afterbody angle, and deadrise angle 
upon the main spray, resistance, pee and static properties of 
flying-boat hull models, 


Information which was available prior to the outset of the 
investigation indicated that these hull-ehape variables had impor= 
tant effects on most hydrodynamic characteristics. Explorations 
- with radiating patterns of models indicated that main spray, resis- 

tance and longitudinal stability were the principal characteristics 
. for which syatematic information was most needed. This need was 
substantiated by full-size experiences 


The model tests were made by the "general" methods described - 
in previous reports and included ranges of load and speed which were 
shown by past analyses to be thoroughly practical. 


The test. results show thate 

1) Increasing length-beam ratio does not hee affect 
the hydrodynamic characteristics of flying-boat hulls 
when the hulls are compared with equivalent loading con~ 
ditions on the basis of constant length?-beam products. 


2) Increasing afterbody angle, for the most part, helps the 
longitudinal stability characteristics, but is detrimen- : 
tal to the hump speed resistance and to thé main spray 
configuration at moderate displacement: speeds. The range: 
of afterbody angles tested embrace an optimum afterbody 
‘angle at which minimm spray heights can be obtained at 
low displacement speeds. The static trims and drafts are 
increased with mites angie, the increase in static 


3) 


h) 


The best afterbedy angle must reflect, essentially, a 
compromise of these hydrodynamic considerations. 


Increasing deadrise angle increases the resistance ape 
preciably at planing speeds and lowers the peaks of the _ 
main spray blisters at moderate displacement and hump 
speedse Both the upper and lower longitudinal stability 
limits are raised by increasing the deadrise angle from 
10° to 30°. Extremely Iow (0° to 10°) and high (10°) 
deadrise angles tend to develop regions with no stable 
trim angles. Increasing deadrise angle increases the 
static draft, and tends to decrease the static trim. 


3 gene increase in the static draft coefficient is approxi- 
“nately equal to the number of ene increase in dead~ 


rise divided by 200. 


There is a close relationship between the effects of 
afterbody angle and deadrise angle because both varie 
ables have a considerable effect on trim. Increasing 
deadrise angle has little effect on the main spray 
heights at low displacement speeds, but the higher the 
afterbody ‘angle, the lower the speed at: which a given 
increase in deadrise angle will cause a reduction in 
spray height. The effect of deadrise angle on hump re= 
sistance is also dependent upon afterbody angle. With 
low afterbody angles, isee 5°, the hump resistance in= 
creases with increase in deadrise angie; with high 
afterbody angles, ice. e, the hump resistance decreases 
with increase in hull deadrise. Low afterbody angles. 
combined with either low or high deadrise angles inten- 
sify the tendency of these deadrise angles to develop - 
completely unstable trim regionse 7 


INTRODUCTION 


The principal objective of this investigation was to estab= 


lish a broad background of fundamental information relating to the 
design of flying~beat hulls by means of experiments utilizing a 

Standard Series of models. Ths Series was developed and the model 
hulls tested at the Stevens Experimental Towing Tank in accordance 
with Contract NOa(s)-560 with the Bureau of Aeronautics, Navy Dee 
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35 le 5, and 6) in order to arrive at a point in development where 
there would be reasonable assurance that a Standard Series program 
on flying-boat hulls would produce useful results. In general, 
these investigations were either concerned with the effect of only 
one shape variable or only one hydrodynamic performance character~ 
istic. Each series usually had a different. parent and a different 
method of altering the hull lines. By July 19:3, it was believed 
that sufficient progress had been made to justify a eyere: na 
Standard Series program, 


Since the outstanding characteristic of a Standard Sexies 
lies in the fact that changes of different variables are combined. 
to make a multiedimensional model. "grid® pattern, it can easily be 
seen that if the variables are not severely limited, the number of | 
models necessary would make the series prohibitive in extent. It 
is apparent that corresponding limitstions mast also be made of the 
hydrodynamic properties to be investigated. Accordingly, in the 


current Standard Series of flying-boat hull models, the investige=_ 


hin 3s nade of the effect of three mull shape variables, on four 


shavseevises are main spray, resistance, ecrtauais: sawie 
and static properties, 


Once a period of several Years, work had been done on limited 
series of hull models (some of which is reported in References ly 2 
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In this report, the more obvious’ conclusions are enumerated 
without too much elaboration. Further analysis of the test results 
would undoubtedly reveal additional trends. 


The report is presented: in two parts, bound separately. Part 
One contains all final summary charts, discussions and conclusions, 
together with material needed in reading the report. Part Two also 
contains the sumary charts, in sddition to the moment data and: 
static properties charts. _— 

It should be noted that the preliminary test data charts 
which were issued in Reference 7 have, in somes instances, been re= 
vised and are presented here in final form, 
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SCOPE 


. Somes knowledge of the relative influence of a reasonably 

large number of variables mst be acquired before laying out a 
Standard Series which will establish a broad structure of quantie 
tative information. In this preparatery work, the number of models 
can be effectively restricted by treating each variable individuale 
ly in a radiating pattern. 


Preliminary studies of this sort were made using the IPB2iL 
hull as the parent and investigating resistence, porpoising, main 
epray, bow spray, and yawing characteristics (References 1, 2, 8, 

9, and 10). Since these teste and full-size experience seemed to 

‘ indicate that resistance, porpoising, and main spray were the prin- 7 
eipal characteristics upon which systematic information was most 
needed, the present Standard Series work was limited to a consider 
ation of thoge three characteristics and, in addition, static prop 
erties. P 


The research on the radiating pattern of models also indie 
cated that the following Imll~shape variables seemed to have the 
largest effects on resistance, porpoising, and main spray charac- 
teristicsa 

1) «fm length-bean atts , td 

2) sternpost or afterbody angle, 

3) hull deadrise (in terms of deadrise at the main step), 

h) forebody warping (after portion of the bottom). _ 

In order to limit the mumber of variables included in the Standard 
Series, only the first three were considered, with the understand- 
ing that the program be expanded only when completed work showed 
this need. Many other important variables (such as step depth, 
waxping and chine flare, forebody-afterbody proportion, 
bilation and step planform, to mention a few) had to be 
omitted to aveid an overnhelaing multiplicity of models. 


ating ee of eodslg did ‘not overleck a very influential « 
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3 cies 
556) 532 887 
610 611 
6h °533- 605, 

62, 625° 
695 696 
573 339-22 57h 
536 °—s 537 (s9n* 538 539 
626 339=23 627 
693 651 69h, 
612 413 
66 53h 607_—i, 
628 ae 629s 
697 68 


558 . 535 : 559 


“ is a model of the XPB2M-1 and is the parent of the Series. 


Hote: The hulle in the Series are designated on the grid by their 
Stevens model mmbers. 
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combination of variables. Therefore, the final program of models 
for the Series was arranged so that changes of more than one hulle 
shape variable were combined in the form of a multdi-dimensional . 
grid pattern. The grid pattern included five combinations of dead= 
rise angle, five combinations of afterbody angle, and four combina= 
tions of length-beam ratio — making a total of h x 5x5, or 100, 

modelse, As the tests progressed, it was found that adequate results 
- could be obtained if over half this mmber of models was omitted. 
The chart on the facing page is a grid of the models tested. 


Since it was found that the models in the extreme corners of 
the grid had serious deficiencies in one or more of the character= 
istics investigated, not too mch emphasis was placed on these 
regions of the gride Instead, the program was adjusted to place 
more emphagis on the region in the vicinity of the parent, Model 
Hes 591. 

' ‘Throughout the report, the models are designated by their 
combination .of hull variables, so that the XPB2H-1 parent (Stevens 
Model No. 591) is designated "6.19-7-20", where the length-beam 
ratio is 6.19, poe RE taeveny nile is 7°, and the deadrise at the 
main step is 20°. | 

The models of different length-beam ratio are considered to 
be hulls of constant length?-beam products under one airplans super~_ 
structuree If the length-beam ratio is changed simply by increasing 
the length of the hull, it is apparent that the higher length-beam 
ratio hulls will be able to carry more load. In order to set up a 
suitable size relationship between the varying length-beam ratio 
hulls, it ie assumed that the load carrying ability of all the models 
4s the same if their length2-beam products are constant (Reference 
11). , 


Bie 2/20 scala meal of th Z7H2H-1 pert ban 6 gross wiht 
of 6.07 pounds, a beam of 5.h0 inches, and a length-beam 

6.19- The lengths. and beams of the four different length-beam 
‘mils considered, together with other pertinent model design intor= 
nation, are tabulated at the top of page 33 on a constant length@= 


R=325 


es eee 


beam basis. This table would represent the test conditions and 
model particulars if all the hulls had been built to the same scale 
ratio. All the hulls on this basis have the same aerodynamic tail 
damping rate, w/v. as is shown. The longitudinal radii of gyra- . 
tion, K, of the Imlls will only change as a result of changes in 
overall lengths. In computing the overall length, Loge it should 
be noted that only the hull length forward of the center of gravity 
is effective in increasing the Lo, and, consequently, the radius of 


‘gyration, Ke The drawing on page 3) shows the dimensions, in terms 


of beam, of the various length-bean ratio hulls « as determined on a 
constant L*b basis. — ee 


The set of figures at the bottom of page 33 are the actual 
dimensions and particulars of the models at constant béem as used 
in the tests. . 


The equations and assumptions governing the choice of values 


in the table are noted. 


The ranges of loading coefficient and getaway speed coeffi= 
client for the various length-beam ratio hull models were selected 
from an snalysis of past practice (Reference 12). ‘This analysis 
includes many varied types of flying-boat hulls and seaplane floats, ' 
which gives some agsurance that a thoroughly practical range of cosf~ 
ficients is covered in the present Standard Series tests. The ranges 
used in the tests are listed below: 4 


High | 1002 U.0 1.6 1263 
Mean . 6.5 Ted Toh 708 
Low, he? 520 Se3 506 


366 
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The apparatus and procedures used in conducting "general 
porpoising, resistance and main spray tests at the Experimental 
Towing Tank have been described previously in References 1, 8, 9, 
13, and Ih. 


_ At the inception of the investigation, all flying-boat hull 
tests were made in the 100-foot towing basin designated Tank No» le 
The equipment ordinarily used in this tank could not be utilized 
for the models having the two higher length-beam ratios because 
these models required loadings beyond a reasonable limit for the 
apparatus. ‘In. addition, it was impossible to obtain the required 
high speeds. Therefore, until extended test facilities became 
available, work was concentrated on the models having the two lower 
values of length-beam ratio. 


When the new 300-foot tank, designated Tank No. 3, was com- 
pleted, it was employed immediately for the tests which required 
either high speeds or heavy loadings. The equipment used in each 
of the tanks is essentially the same, except that the Tank Nos 3 
apparatus can be adapted for a greater variety of tests without — 
making complicated conversions, 


The static properties tests were made using either the Tank 
Noe 1 or Tank No. 3 apparatus. The model was pivoted at its center 
of gravity, and the waterborne load was gradually increased until 
the model shipped water. The trims and drafts corresponding to 
each waterborne load were determined. 


The center of gravity was located the same distance forward 
of the main step and the same distance above ths forebody keel for 
all the models. The values used for the center of gravity position 
were? , 

35 percent of the beam forward of the main step and 
90 percent of the beam above the forebody keel. 


This Location was chosen because it assured reasonable norent—trim 
relationships in the planing range (Reference 13). 
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The mass in vertical escillation for each length<-beam ratio 
was based upon the information used to determine its test range of - 
leading. In each case, the mass in vertical oscillation used was 
the nominal gross weight of the flying-boat, this corresponded to 
the mean values of load coefficients given on page 8. 


Appreciable scatter was noticed in the results of the early 
resistance tests. It was inferred that these discrepancies were 
due to irregularities in the boundary layer between the water and 
the boat, and that better results could be obtained with induced 
turbulencee Accordingly, an attachment was rigged to the towing 
carriage so that a strut, 0.00 inches in diameter, could be towed. 
in the water immediately in front of the model to insure turbulent 


| flow. The use of the strut produced more consistent resistance 


measurements which were slightly higher than those obtained with- 
out the strut. All of the tests reported here were made with the 
strute: . 
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MODELS - 


The familiar hull of the XPB2M-1 flying baat Was sélactan as 
the parent of the series, A parent hull form whose hydrodynamic 
haracteristics were known was chosen so that the results for the 


. . Rumsrous other hull forms could be viewed in proper perspectives 


The body plans of the 1/30 scale XPB2M-1 hull model are given on 
page 31. 

‘All the models were built to the same beam, 5.40 inches, the 
length-beam ratio being altered by multiplying the station spacing 
of the parent model by a constant. The forebody stations were moved 
along lines parallel to the forebody keel at the main step3 the 
afterbody stations were shifted along lines parallel to the aftere 
body keel of the parent form, The step depth was ‘the Bame, 0.27 
inches, for all models, 


Afterbody angles were changed by rotating the afterbody with 
respect to the forebody about the intersection of thé afterbody 
keel and the main step, the tail cone being rotated with the aftere 
body. Since the forebody-afterbody proportions and step-depth are 
‘the sams for all the models, the sternpost angle varies with the 
length=beam ratio even if. the afterbody angle is constant. 


The hull deadrise was varied by adding a constant angle to 
the deadrise at each station of the parent. This procedure was m 
adopted in order to avoid the large changes in deadrise near the ~ 
bow which would occur if a constant multiplyer had been “pied 
to the deadrise at each stations 


Except at the bow, the keel profile and chine plan of all 
the models were the same as the parent's. The bow was sharper for 
the hulls with deadrise angles at the main step greater than 20° 
and blunter for the Imlls with deadrise angles at the main step 
less than 20°, The chine heights above the keel were established 
for gach model by miltiplying the height of chine above ths keel 
at each station of the parent model by the ratdo of the deadrise 
angles. The points of tangency of the chine flare curves ‘were . 
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unaltered with varying deadrise angle. Hence, the chine flare 
curves were dram with smaller radii of curvature for the models 
with high deadrise angles than for the models with the low dead~. 
vise angles. The zero degree deadrise hulls did not have any 
chine flare on either the forebody or afterbodye 


When the Lanstiebean ratic was altered, changes in variables - 


resulting from expanding or contracting the forsbody and. afterbody 
were not eliminated. With regard to this, it should be noted that 
the parent form has a fully a ia forebody bottom elie back 
to the main step. d 


‘The amount of warping for the other models was varied die 


rectly with changes in length, so that forebody warping, which was 
not taken into account but which is known to have independent ef= 


ations of its OWNe 


The body plans and profile drawings for each model tested 
are shown, at reduced scale, at the top of the appropriate static 


properties chart, pages 133 through 170o0f Part II. 


* fects on the hydrodynamic properties, may have produced small varie | 


useds 


where, 


NOTATION 


Load coefficient, 


. Speed coefficient, 


Resistance coéfficient, 
Trimaing-moment coefficient, 
Longitudinal spray coefficient, 
Lateral ‘spray coefficient, 
Vertical spray coefficient, 
Draft coefficient,, 

Length-beam ratio: 


load on water, pounds 
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The following notation and nondimensional coefficients are 


C,* b/w? 
Oy = W/V 
Cp = R/ab3 
C, = u/wblt 
Cy = X/b 

Gy = H/o 

C, = Z/o 
c.* a/b 
L/o 


specific “weight of water, pounds per cubic foot 


(62.3 for these tests) 
beam at main step, feet 


velocity, feet per second 


acceleration of gravity, 32.2 feet per second per second 


resistance, pounds 
trimming moment, pound—feet 


longitudinal position of main spray point of tangency to 
the spray blister envelope with reference to the main 


step, feet 


lateral position of nahn spray point of tangency te the 
spray blister ad al measured from the hull center— 


line, 


vertical position of main spray point of tangency to the 


spray blister envelope, measured from the tangent to the 


forebody keel at the main step, feet 
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d= draft of keel at main step, feet 
L «= length of hull from forepoint to sternpost, feet 


Trim (J) is the angle between the tangent to the forebody 
keel at the main step and the horizontal. 


Moment data are referred to the center of gravity, and water 
trimming moments which tend to raise the bow are considered positive. 
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PRESENTATION OF RESULTS 


The spray, resistance and and longitudinal stability character= 
istics of each model are presented in the form of one~sheet "Summary 
Charts" on pages 57 through 9). (These same Summary Charts are also 
included in Part II, pages 57 through 9),.) Each summary chart is’ 
divided into three sections. In the uppermost section, ‘the model - 
body plans and main spray data are given. In the center section, 
the free-to-trim trim and resistance data are given for the dise 
placement speed range, and in the bottom section, the resistance 
data for the planing range and the i aca stability limits 
are showne : 


The spray data are plotted in terms of the three coordinates 
of the envelope, Cys Cys, and Cyge ‘In order to collapse the data, C x 
and Cy are divided by ¢,]/3 and Gy, is divided by Cy (Reference 1h). 
These ordinates (Cx/C,1/3, Cy/C,4/. 3 and Cz/Ca) are plotted against 
cy?/c,¥3, a form of the Froude number. 


The displacement speed resistance and trim data are plotted 
in the form Cp /C, and T against ¢,2/c,V3, with c, as a parameter. 
Since the displacement speed resistance, trim and spray data are 
all plotted with the same abscissa scale, the data can be compared 
‘directly. 


The resistance data for planing speeds are presented in the 
form of constant VC_, Yep /Cy contours plotted on a grid of trim angle 
versus VCa/Cye The contours show the variation with trim angle 
when Ve,/ty is fixed, as well as the values of trim angle and 

ve, /cy for minimum resistance at a particular value of YC, /Cye 


The upper and lower longitudinal stability limits are super- 
imposed on the resistance contours, and are plotted in ths form of 
T versus VC,/Cy (Reference 15), When testing in the planing 
range, the stability limits were determined first, in order that 
the high speed resistance tests could be confined, for the most 
part, to the stsble range of trim angles. 


4 
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Moment data are presented in Part II, pages 95 through 132. ' 
The moment coefficient (C,)) is plotted ona T versus” VE,/Cy grids 
Because the scatter of data indicates that for a constant value of 
trimming moment, the trim angle is not a function of JC,/Cy, curves 
are not draw through the moment datas They covld, however, be 
sketched in to give an approximate indication of the moment spread. 
The load and speed coefficients are noted wherever data were ob- 
tained. . 


The static properties charts in Part II, pages 133 through 170, 
show how the draft coefficient (c,) and trim (J) vary with load 
coefficient (C RE with zero moment. These charts also include the 


_ body plans and profile drawings for each model tested. 
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DISCUSSION 


‘As is pointed out in the Scope on page 7 » the concept behind. 
the treatment of the hulls in this series is that each of the models 
is considered as a variation of hull form to ‘be used under one aire 
plane structure. For convenience in testing, all the models are con= 
structed with the same beam at the main step, 5el;0 inches. This does 

t, however, alter the original assumption: that the load carrying 
ability of all the hulls be considered the same when their length®~ 
beam products are constant. (This ds summarized numerically in the 
table on page 33.) , 


For this series of hulls, the constant length?<beam basis is 
used in practically all comparisons, Actually, this will only af- 
fect the comparison of hulls with differing length-beam ratio, and 
means that the effects of the other shape variables will be shown 
on 4 specific, dimensional basis. For the specific comparisons, all 
the models were assumed to have a gross weight of 6.07 lb. and a 
getaway speed of 26,62 ft./sece The parabolic unloading curve used 
is shown on page 37. By malcing the comparisons on a specific basis, 
the effects of each of the variables are made as distinct as pos- 

. sible. This is especially true for the resistance comparisons where 
no suitable method has yet been devised to present the data on one 
collapsed nondimensional plot throughout the complete speed ranges 


An exception to the specific basis of comparison are the 
charts showing the effect of afterbody angle and hull deadrise on 
the longitudinal stability limits. The stability limite are com 
pared on a nondimensional basis because it is felt that the effects 
of these particular shape variables on the porpoising characterise 
tics will not be clarified materially by making the comparison on 
a specific basis. In addition to this, the lower limit porpoising 
results in the transition region just below planing speeds are 
valid only for the loads and speeds at which they were tested. The 
lift supplied by the water in this vicinity is partly buoyancy and 
the data obtained do not collapse. The lead and speed at which each 
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stability limit point was found may be obtained from the moment data 
charts in Part II, pages 95 through 132, 


Effect of Varyin 


Since the forebody-afterbody proportions and step depth are - 
the same for all the models, the sternpost angle varies with length- 
beam ratio even if the afterbody angle is constant. Therefore, the 
length~beam ratio comparisons will be affected, to some extent, by 
an additional variable, stermpost angle. The models chosen for the 
comparison are: | 


Actual 
: Sternpost 
Model Noe Designation Angle 
339=22 5eO7-7=20 8.25 © 
59 6.19-7-20 8.00 
339=23 : 70 32—7<20 7290 
651 . z 8. h5—7—20 : 7 e 80 


The chart comparing the resistance, trimming and porpoising 
characteristics of these hulls with equivalent loading conditions 
on the constant L@b basis is shown on page 38. The main spray com 
parison is shown on page 39, together with two other length~beam 
ratio, main spray comparisonse The two additional length-beam ratios. 


* spray comparisons utilize models with a and 11° afterbody angles; 


they are made because the first comparison leaves some doubt as to 
the actual effect of bull fineness on main spray characteristics. 


if the hulls are compared with equivalent loading conditions 
on the basis of constant length@—beam products, variation of length= 
beam ratio produces the following effectst 


1) There is a tendency for the high speed resistances to 
decrease with increasing length-beam ratio, This in~ 


clination, however, is not markede 

2) The magnitude of the hump resistance is not altered 
appreciably with increase in ieapthe beak ratio, but 
the huzp is shifted to higher speedse 
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3) The resistance and trim at speeds below the hump is de=- 
creased with increase in length-beam ratio. 


) The stable range of trim angles is reduced with increas- 


‘ing length-beam ratio. This reduction is due mostly to 
increase in the lower stability limit trims. 


5) The changes in main spray height caused by varying hull 
‘fineness are inconsistent but, in general, are not lar 
The indication is that length-beam ratio differences do 
not materially alter the main spray configuration. 


6) Comments: The major detrimental effect of high length- 
beam ratio hulls is the reduction of the stable trim 
ranges It has been indicated in a previous investiga~ 
tion (Reference 16) that a greater moment spread between 
porpoising limits could be obtained with high length 
beam ratio hulls, especially at speeds near take-off. 
This series, however, does not indicate any material 
increase in stable moments with increase in length-beam | 
ratioe 


Effect of Varying Afterbody Angle 


Because the step depth and forebody-afterbody proportions 
are constant for all the bulls of the series, variation of after= 
body angle can, in general terme, be called direct variation of 
sternpost angle. ~The sternpost angles for all the nodols used in 
the comparisons are tabulated on page 32. 


_ To deterzine the effects of afterbody angle on the hydro= 
dynamic characteristics, one group of models with varying after= 
body angle are chosen for comparison from each of the four length- 
beam ratio groups. The models chosen ell, have a deadrise angle-of - 
20°. 
1) Model No. 573 5eOT=3=20 
. Model Ho. 339-22 5eO7=7=20 
Model Hos 57) 5007-11-20 
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2) 


k) 


Model No. 536 | 619—3—20 
Model No. 537 6019—5=20 
Model Nos 591 s«G ,19=7~20 
Model No. 538 6 4.19=9=20 
Model No. 539° = 6, 19= 11-20 
‘Model Noe 626 7032—3=20 
Model No. 339-23 70 32-7=20 
Model No. 627 7032-11-20 
Model No. 693 8.L45—3-20 
Model No. 651 8.45=—7-20 
Model No. 69); S-tad-20 


The comparison charts are shown on pages “ho through 5. The effect 
of varying afterbody angles on the static properties ig ‘illustrated 
by the comparisons on pages 116 through lide 


If the dvnaclies angle, step depth and leading conditions are 
held constant, variation of afterbody angle within any one length- 
beam ratio group produces the following effects: 


1) 


2) 


3) 


h) 


The resistance and trim at displacement speeds increases 


with increasing afterbody angle. 


The bump trim and hump resistance increases with increas= - 


ing afterbody angle. The increase in hump trim is approx= 
Tuately equal to the amount that the afterbody angle is 
increased. ; 


The resistance at (when the afterbody is © 
clear) is not affected by changes in afterbody angle. 
The of the mein blisters are, in general, 


raised with increasing afterbody angle. This is true 
primarily at moderate peep) acenent and huep speeds where 
the spray Epa is extremely ser 


5) 


6) 
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an optimm afterbody angle (or trim) for minimm spray 
heights at low displacement speeds. This U-shaped effect 
can be shown by the curves on page lS where the spray 
height at 5.0 inches forward of the main step is plotted 
against afterbody angle (which reflects trim). (It is 
assumed that the model propellers are located 5.10 inches 
forward of the steps) ‘The condeney of the length-bean 
ratio 5.07 hulls toward the U-shaped effect is more clearly 
demonstrated at positions further forward (lower speeds) 
than 5eh0 inches forward of the main step. This is shown 
by the curves on the lover portion of page 15, where spray 
height versus afterbody angle is plotted for positions 

8.0 inches and 12.0 inches Soreers of the main steps 


The ‘Longitudinal stability limits are, in general, widened 


with increasing afterbody anglee Increasing afterbody 
angle raises the upper stability limits and causes the 
lower stability limits to occur at ces trims and at 
lower speedse 


The static trins and drafts are raised with incréase in 
afterbody angle. ‘The increase in static trizs is ap=' 
proximately equal to one-half the afterbody angle in- 
crease, in degrees, and the increase in the static draft 
coefficient is about equal to the afterbody angle ine 
crease, in radians. In other words, . 


if AT = increase in static trim with after 
body angle increase, 
4@ = increase in afterbody angle, ; 
SC, = increase in static draft coefficient, 


tnen 
ato Be 
ang : 
an st 


The effect of aE tSEDOY: angle on the static properties 
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are shown by the comparison charts on pages 6 through 
49, where the static draft coefficient and static trim 
are plotted against load coefficient for four groups of 
hulls on a Sel0 inch beam basis.” 


7) Comments: The afterbody angle for best main spray, re= 
sistance, and longitudinal stability characteristics 
mst be, essentially, a compromise between the angles 
best for these hydrodynamic characteristics when each 
is considered individually. The spray and resistance 
are, for the most part, worsened by increasing after= 
body angle. The longitudinal stability limits are in- 
proved by increasing afterbody angle. 


Effect of Varying Deadrise Angle 

The effects of varying deadrise angle on the hydrodynamic 
characteristics were determined by comparing the results for three 
different groups of models. All have the same length-beam ratio, 
6619, but’ three groups of afterbody angle, 5°, 7°, and 9°, are con- 
siderede The complete range of deadrise angle, 0°, 10°, 20°, 30°, 
and 0°, are covered only in the comparison of models w{th 7° after- 


‘body angles It was felt that more weight should be placed on the 


less extreme values of deadrise angle, since, as can be seen from 
the results, the 0° and 0° deadrise models are obviously inferior 
to the models with intermediate deadrise angles with regard to at 
least one hydrodynamic characteristic investigated (i.e., porpois=- 
ing, highespeed resistance). . 
. The hydrodynamic characteristics of the following three 
groups of models are compared: . 
1) Model No. 60 6619=5=10 - 
Model Noe 537 sss“ 198-20 
Model No. &6 be19- 530 


2) Model Noe 632 _ 6.19=7-0 


Model Noe 533 6 197. 
Model No. 591 6019=7-20 | 
“Model Noe 53) 6019-730 
Model Noe 535 6019=7-h0 
3) Model No. 605 6019—9=10 
Model No. 538 6019=9-20 7 
Model No. 607 -- 6019=9=30 


The comparison charts are shown on pages 50 through 53. The effect 
of varying deadrise angle on the static properties is show by the 
comparisons on pages 5 through 56. 


Comparison of the results for the three groups of models at 


equivalent loading conditions indicate the following effects due to 
variation of deadrise angles 


x The free-to-trim track is affected by changes in bull - 
deadrise in three recognizable patterns, depending upon — 
the speed range considered. At very low displacement: 
speeds, the free-to-trim track is lowered as-the dead~ 
rise angle is increased, though the effect of deadrise 
variation is small, From the moderate displacement 
speed region to speeds slightly beyond the hump, ine ~ 
erease in deadrise angle causes a considerable decrease 
in the free~to~trim trims. At high (planing) speeds, a 
sudden reversal of trend in the sero mozent trim track 
occurs. Here, increase in deadrise angle causes an in= 
crease in the zero moment trims. The velocity at which 
this sudden reversal in trend occurs is very nearly con= 
stant (regardless of afterbody angle); for the loading 
conditions used in these comparisons it is about 15.5 
ft./sece 4 


2) At the very low displacement speeds where deadrise varie 


ation results in poses small tris changes, the 
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inerease in hull deadrise. At moderate displacement 


. speeds, increase in deadrise angle lowers the main spray 


height. The 0° deadrise Ils, however,do not fit inte 
the pattern, This is not surprising since the 0° dead~ 
ries ims differ from the other hulls; they have no 
chine flare, the forebody being, for all practical pur- 
poses, all forebody flat. The 0° deadrise hulls also 
seem to behave erratically, as far as spray is concerned, 
indicating higher spray peaks than the other hulls at low 
speedse me ——- 
If the 10°, 20°, and 30° deadrise hulls only are con= 
sidered, three general conclusions can be reached with 
regard to the effect of deadrise on. the main spray 
blisters 
a) Increasing the deadrise angle does not affect 
the peaks of the main spray blisters appre- 
ciably at very low speodse . 


é 


.b) At moderate displacement and hump speeds, ine 
creasing deadrise angle lowers the peaks of 
the main apray blisters. 


c) The speed at which increase in deadrise angle 
results in a noticeable decrease in spray 
height seems to vary with afterbody angle — 
the higher the afterbody angle, the more 
quickly (the lower the speed) the effect of 
increased deadrise angle becomes appreciable. 
This is because spray height is affected by 
trim, which is in turn a function of after- 


body angle. 


avian, 4 Lee 9° 7 the beac resistance dseresses with 


) 


5) 


6) 
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increase in bull deadriaze. 
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The resistance at planing speeds (where the effect of 
deadrise angle is not aeoahdent upon afterbody angle) 
increases abruptly and appreciably with increase in 
deadrise angle. The velocity at which this sudden in- 
crease in resistance occurs is about the same as the 
speed at which the sudden reversal of trend in the _ 
free-to~trim track occurs, about 15.5 ft./sece for the 
loading conditions used. 


Both the upper and lower longitudinal stability limits 
tend to be raised by increasing the deadrise angle from 
10° to 30°. The models with very low deadrise angles, 
Le@e, 0° and 10° » have the property of developing a com 
pletely unstable trim region near the low speed end of 
the stability limits. This is especially true when the 
low deadrise angles are combined with low afterbody 
angles. The models with very high deadrise angles,i.e. 
40°, have the characteristic of ‘developing completely 
unstable trim regions at the high speed end near takee 
off —- again, especially when coupled with low after~ 
bedy angles. 


Increasing the deadries angle increases the static drafts 
and tends to decrease the static trims, 
If 48 is the increase in deadrise angle, and 
aC ,.is the increase in static draft coef= 
ficient, 
i : 


Ma * 200 


The effects of deadrise dis on the static peopeetied: 
are shown by the comparison charts on pages 5); through 
56, where the static draft coefficient and static trim 


are plotted against load coefficient for three groups 


of hulls on a 5.):0 inch beam basige 
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7) Comments: There is a close connection between afterbody 


angle and deadrise angle variation because both of these 
shape variables have a very appreciable effect on trim. 
in most instances, increasing afterbody angle and deade 
rise angle independently of each other preduces opposite 
effects. At displacement speeds, increasing afterbody 
angle raises trim, while increasing deadrise angle lowers 
trims increasing afterbody angle, for the most part, in~ 
creases spray height, whereas increasing deadrise angle 
reduces spray height. 


It would be advantageous if higher values of deadrise : 
angle could be used in conventional flying~boat hull de- 
sign, because with high deadrise angles very considerable 
reductions can be obtained in landing impact loads and 
main spray heightse The maximm limit of deadrise angle 
camot, however, be increased very greatly over the pres- 
ent design values without seriously jeopardizing longi- 
tudinal stability and high speed resistance characterise 
tics. The deadrise angles for satisfactory longitudinal 
stability characteristics alone dre severely limited to a 
range from 20° to 30°. 


GONCLUS IONS 


| The results of tank tests to determine the effects of Varye 
ing three design parameters of conventional flying-boat hulls —~ 
Length-beam ratio, afterbody angle, and hull deadrise — lead to 
the following conclusions: 


1) 


2) 


3) 


When hulls of varying length -beam 

the basis of equivalent Aoading for comatane length* wo 
beam products, increasing hull fineness does not intro~ 
duce any large detrimental effects on the hydrodynamic 
properties studied. This investigation dees indicate, 
however, that increasing length~beam ratio reduces the 


stable range of trims. 


Increasing afterbody angle increases the free-to=trim 
resistance and trim from displacement speeds up to 
speeds where the afterbody is clear, The increase in 
trim at hump speed ig approximately equal to the amount 
that the afterbody angle is increased. The peaks of the 
main spray blisters are raised at moderate displacement 
speeds and hump spseds with increase in afterbody angle. 
At low displacement speeds and at one location on the. 
hull, there is an optimum afterbody angle (or trim) for 
minimum spray heights. Increasing afterbody angle widens 


the stable range of trims by raising the upper limit and 


causing the lower limit to occur at higher trims and at 
lower speeds. The static trims and drafts are raised 


with afterbody angle, the increase in static trims being 


equal to about one-half the afterbody angle increase in 
degrees, and the increase in static draft coefficient 
being equal to about the afterbody angle increase in 
radians. 
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and appreciably raises it at planing speeds. The resis- 
tance at planing speeds is increased considerably with 
increase in deadrise angis. Both the upper and lower lone 
gitudinal stability limits are raised by increasing dead= 
rise angle from 10° to 30°. The extreme values of dead= 
‘rise angle (0°, 10°, and 0°) have the property of de- 
veloping completely unstable trim regions, the low dead= 
rise angles near the low speed end of the stability limite 
and the high deadrise angles at the high speed end near - 
take-off. Increasing deadrise angle from 10° to 30° does 
not affect the peaks of the main spray blisters at very 
low displacement speeds, but lowers the main spray peaks 
at moderate displacement and hump speeds. Increasing 
deadrise angle increases the static drafts and tends to 
decrease the static trims, The increase in static draft 
cosfficient is approximately equal to the deadrise angle 
inerease divided by 200. 


4) Several combined effects of afterbody angle and deadrise 
angle were noted, Tha speed at which increase in dead= 
rise angle causes any pronounced decréase in spray height 
is a function of afterbody angle: the higher the after~ 
body angle, the lower the speed at which the effect of 
deadrise angle becomes apparent. .The effect of deadrise 
angle on hump resistance is also dependent upon after~ 
body angle: low afterbody angles cause an increase in 
Inmmp resistance with increase in deadrise angle, while 
high afterbody angles cause a decrease in hump resise 
tance with increase in hull deadrise. Low afterbody 
angles combined with either low or high deadrise angles 
intensify the tendency of these deadrise angles to de< 
velop completely unstable trim regions. 
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“BODY PLAN OF PARENT 
XPB2M-! 
STEVENS MODEL No. 591 


L/b = 6.19 


5.40" — 
SCALE: FULL SIZE FOR MODEL 


ANGLE VALUES 


FOR THE MODELS USED IN THE COMPARISONS 


Height 


Designation ine 


6019=9=-30 
7 e 3 2a3—20 


To32—7=20 


Te32—11-20 


Be5—3-20 


8.45=7-20 


845-1120 


“0.91 
1.76 
2.6L 


209 
2.09 
2.09 
2009 
2.09 


; Afterbody 
Stexmpost Length Along 
Afterbody Keel Along Baseline 


aDe 


Afterbody 
Length 


ine 


Sternpost 


Angle 


__dege 


. 28 
8.26 
1203. 
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; | DIMENSIONS AND PARTICULARS OF MODELS ow a Lp» (or ,) CONSTANT BASIS 
to | 5.07 | 619 | 7.32 | 8.tg | 
> | eo | cow | couo | éoxo 
Ko Oo 0279 : 0. 0279 Oe 0279 Oc 0279 : 
Ay 6007 | 6.07 | 607 | 6.07 | 4, = WL@bK, 
L 31.29 | 330k | 35236 || 37.09 | L = ¥/L2b(1/») 
b . 661 240 8 b oo 
7 | Sel be83 | h.39 7 ;/ cr fove 
Ca, 0.72 | 1.07 | ho | 1.99 | Cy, = Ko(E/b)? or Ag/wb3 
oh ioe — f /Le 
L 15.23 16.70 17297 . 19209 L, = (2) z= 0.35) 2. [0.35 e- 0.35) 
on | MSeh2 | 6089 | 48.26 | 49028 | Io, = Ig + 30029 i. 
Log Lon Yon 
E 7028 7052 TeT2 7290 LE - Ky Toa, 7252 6.90 an 
K/L 0.233 | 0.225 | 0.218 | 0.213 
KY 929k 99k 909k 9e9h 


ho k 
w/v ho O.1k7 | 0.250] 0.391 | 0.572 u/e Gv" = (H/o hb.) (3) = 0.250 (2) 


FOR MODEISOF CONSTANT 5.40" BEAM THESE VALUES BECOME FOR TEST MODELS 


L/b 5-07 6.19 7032 | 8eh5 

| 5 
bon eo? | 6.07 | 8.50 | 129 | 4, = 6.07 (sh) 
1, | 27038 | a30bh | aoess | tse | a, = 2 (242) 
4 637 | 7.52 | 8.63 | 972 | K, = (£) Lor K (Sle és 
Tn 166 343 63 | 1067 | Im = dg, En? 

; ‘ ; eksO b 

(ig/rn | 5-83 | 99h | es | 22075.) Oy/rdy = Og) (2) 
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DIMENSIONS OF THE VARIOUS LENGTH-BEAM RATIO HULLS 
IN TERMS OF THEIR BEAMS DETERMINED ON A 
K, CONSTANT BASIS 


4.89b 
5.59b 
6 .25b 
6.86b 


¥%% 

a 

ea NOILVOLISSANI : 

oa SIH. NI Gasn saniwa Yo x 

2R& SivO14 ® 

zu > e9W1L ¢ sivon 0 ee. | 

eR “ : ‘- as) 

ae? ANAID134509 GVOT “SA OLLWY WV3S-HIONST gi USL O"O® "S 

a ye git 

a" 3 ° 

wy B 2(/ 1) = % 

in) ee 

OQ. it o 
ai (a7) = % 
Me 2 


= 


HLON 


= 


ivy WV38 


i 


0 


INSTITUTE OF TECHNOLOGY 


HOBOKEN. NEW JERSEY 


EXPERIMENTAL TOWING TANK 
VENS 


STE 


ae A, 6.07 LBS. 


+ 


EXPERIMENTAL TOWING TANK. 
STEVENS INSTITUTE OF TECHNOLOGY 


UNLOADING CURVE 


FOR 


HOBOKEN. NEW JERSEY 


re) 
tl 
M2. 
ss 
- 
w _—_ 
Zz td od 
oO 6 @ © 
wv : © 
a i a 
< u ; 
= So 
om 
©,” 
c ol 
fas) 
o 
Oo 
se 
Os 
M 
N vt 
= — od 
Pi 
a 
Zz 
[@) 
© 
510 
Bila 
ep) 
oN 
| 
ie 
3" 
alo 
lu me 
Lad 
oO. 
ip) 
aol 
til 
OQ 
[e) 
Zia 
roa) 
+ 


‘Sa ‘VS LNBWSOV1dSI0 


"EXPERIMENTAL TOWING TANK R325 
STEVENS INSTITUTE OF TECHNOLOGY a “ 
HOBOKEN, NEW JERSEY ~ 38 — 


EFFECT OF LENGTH-BEAM RATIO ON aes DESIGNATION 


YDRODYNAMIC CHARACTERISTICS OF FOUR MODELS Benoa 


WITH Ke= 0.0279 GONSTANT a oti 


~ 20° HULL DEADRISE _ -s«AFTERBODY ANGLE = 7° 4 
RESISTANCE 


ia 


25 30 35 


- 
FREE-TO-TRIM ° 


RESISTANGE, LBS. 


TRIM ANGLE, DEG. 


TRIM _ LIMITS 
OF 


: STABILITY —_ 
LOWER LIMIT . — Ba x | ieee 
ee =~ \\ UPPER LIMIT 


TRIM ANGLE, DEG. 


. MODEL SPEED, _FT./SEC. 


MODEL PARTICULARS 
LENGTH-BEAM RATIO 5.07 6.19 7.32 8.48 
DEADRISE ANGLE 20° 20° 20° 20¢ 


STERNPOST ANGLE 8.259 = 8.0% 7.8°° 7.8° 


_ She 0.72 1.07 1.49 199 
SEAM . -  6AP" 5.40" 4.83" 4.33" | 


AFTERBODY ANGLE 7° rad 7 7° 


HEIGHT ABOVE KEEL 
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i EFFECT OF 
| LENGTH-BEAM RATIO ON SPRAY CHARACTERISTICS ~-—— 
: FOR MODELS OF 20° HULL DEADRISE AND 
DIFFERING AFTERBODY ANGLES 
WITH Ke2 0.0279 CONSTANT 


IN 


HEIGHT ABOVE KEEL, 


IN. 


- MODEL “ty 
NUMBER DESIGNATION 
Sa aeap ay AFTERBODY ANGLE 3° 
SBA 4 ENVELOPES OF MAIN SPRAY BLISTERS 
8.45-3-20 : 
10 os a ; cs | 
"L7b «6.19 7.32 8.48 5.07 
; See 
‘ a ees 
DISTANCE AFT OF STEP, IN. DISTANCE FWD. OF STEP, IN. 
15 fe) 5 fe) 5 10 
| { : 
| MODEL ; : 
UMBER DESIGNATION 
"339-22 5.07-7-20 Briere see. 
559-88" Fhe ose ENVELOPES OF MAIN SPRAY BLISTERS 
651 8.45-7-20 ; 
. - aM 
: L/b 8.45 6.19 7.32 5,07 i ss 
| a a 
_ DISTANCE AFT OF STEP IN. DISTANCE FWD. OF STEP, IN. 
- 15 te) 5 0 . 5 10 


AFTERBODY ANGLE II° 
ENVELOPES OF MAIN SPRAY BLISTERS 


“IN, 


DESIGNATION 


§.07-11°20 7 . =< — 
6.19-11-20 | ae 
7.321120 | | a eee | 
| _8.45-11-20__ | ~ SSE | 
a cs 
DISTANCE AFT OF STEP, IN. DISTANCE. FWD. OF STEP, IN. 7 
i106 ° 6 5 10 


HEIGHT ABOVE KEEL 
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EFFECT OF AFTERBODY ANGLE ON MODEL DESIGNATION 
HYDRODYNAMIG CHARACTERISTICS OF THREE MODELS 
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EFFECT OF AFTERBODY ANGLE ON 
|HYDRODYNAMIG CHARACTERISTICS OF FIVE MODELS | 
| WITH Kp =0.0279 CONSTANT 
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| EFFECT OF AFTERBODY ANGLE ON 
| HYDRODYNAMIC GHARACTERISTIGS OF THREE MODELS 
WITH K,=0.0279 CONSTANT - as 
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SUMMARY CHART OF PRINCIPAL HYDRODYNAMIC CHARACTERISTICS 
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SUMMARY CHART OF PRINCI [PAL HYDRODYNAMIC CHARACTERISTICS 


| DATE: 3-27-45 C.G= 0-35 » FWD. OF STEP Cs, 0.72 (NOMINAL) DESIGNATION: 5,07-9-30 
MODEL BEAM: 5.40" 0.80b ABOVE KEEL k/L=0.234 MODEL No. 613 , 


@ 


| | | | 
28 [7 LOGATIONS OF TANGENGIES OF FOREBODY SPRAY BLISTER ENVELOPES aaa HULL LINES 
i _ FREE- TO-TRIM, DISPLACEMENT RANGE _. 
24 Paget +. —| 2 
2.0_$ Ps L | 5 | t 1 
a LONGITUDINAL Poston s z a 
& y, FROM STEP, Cy /C,'/3 ‘ a Xs 
1.6 L step Sto 
cat N = z & 
| zo 
* DISTANCE FROM © | z 
L225, G,/c,i#3 ‘i +14 
) Le | | 
a8 S HEISHT ASOVE KEEL, i +24 
| C2f Gs, 
: STATION SPACING GIVEN AS 
04-7 wifes 73 oe DISTANCE FROM 
, ae STEP, IN UNITS OF BEAM 
I 2 3 4 5 8 io 2 14 | ; 
Lose eel Le oar eee | ee ee | ae eee 3 
me ; : | C,g2| 1.00 FREE-TO-TRIM RESISTANCE ANG TRIM 
9.70 DISPLACEMENT RANGE 
0.32; | 10.40 + 1 
; L. REPSTANCE , 2 
ze 7 54 an ee 
Ca 21.00. t ——£ A TE A Te a Te SS a 
a 0.70 pane t 
0.24 QI 1 T + 
i 
S y 
0.207 S.. 


g : 
19-9. ae on ; 
uj Pf ‘ 
z _ con 
g-2 | JVEn/Cy = {012 a Ds, 
z : "VD e 
6—& ai - 7 \ \ \ . = 
| Lower ‘Lair \ \ ene Se \A = 
4—— RESISTANCE AND STABILITY CHARACTERISTICS | d0dN IN one a \ z 
PLANING RANGE | | IN ee Gi ig cige-€, o 
2 Mg/ V£b* =0.146 ae Fee | 008 | OD? 0.08 0.08 


ce SS 50 " = <. 0.15 9.10 


SUMMARY CHARTS ' 
FOR LENGTE-BEAM RATIO 6.19 HULLS 


paces Gi tixough 66 


R325 R-268 


EXPERIMENTAL TOWING TANK “64-128 - 
STEVENS INSTITUTE OF TECHROLOSY 


8-8-44 
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SUMMARY CHART OF PRI INCIPAL HYDRODYNAMIC CHARAGTERI STICS 
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